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Epidermal DNA Synthesis: 
A New Disc Technique for Evaluating Incorporation of Tritiated 
Thymidine 
ARTHUR S. OTANI, M.D., RICHARD W. GANGE, M.D., AND JOSEPH F. WALTER, M.D. 
Division of Dermatology, University of California, San Diego School of M edicine, San Diego, California, U.S.A. 
We present a new technique for evaluating epidermal 
DNA synthesis as measured by incorporation of tritiated 
t hymidine. Standard areas of epidermis were isolated by 
glueing plastic discs to the skin followed by heating on 
a hot plate at 60°C. The discs were then cut out and the 
dermis gently separated and removed by incubation at 
60°C in 2 M potassium bromide. The discs with attached 
epidermis were washed in 0.25% acetic acid to remove 
unincorporated tritiated thymidine and then counted in 
a liquid scintillation counter. Results were expressed as 
disintegrations per minute per disc. This technique 
showed good correlation to the hydroxylapatite column 
and perchloric ~cid methods for extracting DNA, but 
was considerably less tedious and subject to fewer er-
rors. Incubation of discs in DNAse indicated radioactiv-
ity was primarily in DNA. The disc technique is simple, 
rapid and inexpensive and could be performed in large 
numbers even in unsophisticated laboratories. 
During the past few years, researchers in dermatology have 
shown great interest in evaluating drugs which influence epi-
dermal DNA synthesis. Many of the techniques have involved 
numerous separation procedures designed at separating epider-
mal DNA [1,2]. This 'paper introduces a rapid, inexpensive, and 
simple technique that will greatly simplify the screening of 
drugs which affect epidermal proliferation. 
Previous studies of epidermal DNA synthesis used modifi-
cations of solid tissue assays on the skin [3-5]. These solid 
tissue techniques were designed to evaluate tissues like liver, 
fat, marrow or muscle which have a homogeneous mixture of 
cells. This new technique utilizes the unique properties of the 
epidermis with its lack of vascularity and presence of stratified 
maturation. 
MATERIALS AND METHODS 
Animals 
HRS/J hairless mice ranging from 2-4 mo of age were treated with 
various drugs prior to being injected intraperitoneally with 25 JLCi of 
tritiated thymidine and 6 JLg thymidine. Two hours later the mice were 
sacrificed by cervical dislocation. 
Technique · 
Seventeen mm plastic discs were cut from Parke-Davis unidose 
blister chamber sheets, using a #4 cork borer. These discs were slightly 
larger than the opening of a standard glass scintillation vial (Fig 1). 
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The skin was dissected from the subcutaneous tissue, stretched on a 
paper towel, and wiped with acetone. Cyanoacrylate glue (Krazy glue) 
was then used to fix the plastic discs to the skin, being careful to 
establish uniform contact especially around the periphery of each disc. 
This was accomplished by pressing the disc fumly against the skin, 
starting with the center, then moving around the periphery with a firm 
blunt instrument. The Krazy glue container tube top provided a con-
venient, nonsticking probe for this purpose. 
The glue was permitted to dry before the skin specimens with their 
plastic discs were heated on a hot plate set at 60°C for 10 min. The 
plastic discs, with their underlying skin were trimmed with cw-ved iris 
scissors, and then placed in glass scintillation vials containing 5 ml 2 M 
potassiwn bromide solut ion. This sample was kept in the same con-
tainer for the entire procedw-e. The samples were then heated at 60°C 
on a hot plate in the potassium bromide solution and swirled every 15-
20 min for approximately 1 hr un til the subepidermal tissue contracted 
to form a small ball (Fig 1). This was then removed with forceps and 
the disc with its epidermal sample was rinsed twice with approximately 
20 ml distilled water while in the scintillation vial. If a small gelatinous 
film of dermal tissue remained attached to the underside of the epider-
mis, the ft!m was washed off with a stream of water squirted from a 
polyethylene bottle. 
The vials were then filled with 10-20 ml 0.25% acetic acid and the 
discs with epidermis attached were washed for 2 hr. The vials were 
agitated every 15-20 min to enhance diffusion of unincorporated triti-
ated thymidine. Another 0.25% acetic acid wash was conducted for 2 hr 
at room temperatw-e or over night at 4°C in a refrigerator. After the 
last wash, the discs were rinsed with distilled water, dehydrated with 5 
ml 95% ethanol and then suspended in 5 ml of scintillation fluid 
(Packard Insta Gel) and placed in a Beckman LS 150 liquid scintillation 
coun ter. Results were expressed as disintegrations per minute per disc. 
All the above procedures were done in the same scintillation vial. 
Comparable samples were run on hydroxylapatite columns to calculate 
the dpm/ JLg DNA [2]. 
Experiments were run on essential fatty acid deficient hairless mice 
using HRS/J animals treated on a special diet [6] for approximately 2 
mo. Animals treated with bleomycin 2 mg/ day intraperitoneally for 5 
days, Lidex cream applied topically 12 hr before sacrifice and animals 
irradiated with ultraviolet (UV) C (254 nm) 48 hr before sacrifice were 
also studied. UVC irradiation results in a large increase in DNA 
synthesis in the epidermis 48 hr after exposw·e [2]. 
Histology 
Epidermal specimens were processed for hematoxylin and eosin 
sections by carefully peeling them off the plastic discs after counting in 
the scintillation fluid. The corresponding dermis was fixed in 10% 
formalin and similarly processed (Fig 2) to evaluate the thoroughness 
of epidermal removal and any subsequent damage. 
Purification Studies 
Discs with attached epidermis were dehydrated with 95% ethanol at 
various stages throughout the procedw-e and counted in scintillation 
fluid to assess the contribution of each wash in removing unincorpo-
rated tritiated thymidine. The fust samples were prepared by carefully 
peeling the disc and epidermis from underlying dermal tissue after 
heating, but without incubating in the 2M potassium bromide solu tions. 
The last samples consisted of discs which were washed for 2 hr in the 
0.25% acetic acid solution a third time. 
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F rc 1. This photograph shows the standard glass scintillation vial 
in the center with its plastic cap on the left; the tissue in the center of 
the via l represents the contracted, dehydrated subepidermal tissue 
wh ich cur led off in the 2 M potassium bromide solu tion. The discs on 
the right consist of the 17-mm plastic disc with a dime above it for 
comparison; the rough spicules on the upper surface of the plastic disc 




F rG 2. A, H & E sections of epidermis from a disc after it was 
processed completely for scin tillation counting show relatively good 
preservation of the basal layer and as well as the upper portion of hair 
fo llicles and adnexal structures. B, The dermal tissue salvaged after the 
potassium bromide separation shows no residual epidermis attached to 
the papillary dermis (reduced from XlOO). 
Dialysis 
T he dialysis of diff usible radioac tivity was evaluated at room tem-
peratme aga inst a lysing solution consisting of 8 M urea, 0.24 M phos-
phate, 1% dodecyl sodium sulfate and l mM ethylenediaminotetraace-
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tate disodium salt. T he epidermis was salvaged by heat separation 2 hr 
after the intraperitoneal injection of 25 j.LCi of trit iated thymidine and 
6 j.Lg thymidine. The specimen was homogenized with a Brinkmann 
PTlOST mechanical tissue blender in th e lysing solu t ion before being 
placed in d ialysis tubing and connected to a magnetic stirrer. Aliquots 
of this suspension were sampled for counting before dialysis, after one 
change of dialysate, and after 3 changes of the dia lysate. 
Perchloric Acid Method 
The recovery of coun ts incorporated into DNA per unit area of 
epidermis using the disc method was compared with a modified method 
[7) of Hennings and Elgjo [5] for DNA extraction from epidermis. Six 
mice were injected with 25 j.LCi of trit iated thymidine as described 
previously. Following sacrifice 2 discs were applied to the dorsal skin of 
each animal on one s ide of the midline. T en square centimeters of 
contralateral dorsal epidermis were carefully delineated and removed 
fo llowing heating at 60°C for 10 min as previously described The discs 
were processed in the usual way. T he heat separated epidermal samples 
were homogenized for 30 sec in 4 ml of distiLled water at 4°C. 70% 
perchloric acid (PCA) was added to the homogenate at 4 oc to give a 
final concentration of 3%. The precipitate was collected by spinning at 
37,000 g for 15 min in a SorvaU HC-2B refrigerated centrifuge and then 
washed and respun twice with 4 ml of cold 3% PCA. Aliquots of 
supernatant from the last wash showed radioactivity at background 
levels indicating adequate removal of residual unincorporated trit iated 
thymidine. The precipitate was then resuspended in 1.5 ml of 3% PCA 
and heated at 80°C for 30 min to hydrolyze the DNA. T he samples 
were then cooled to 4°C and centrifuged at 37,000 g for 15 min and the 
supernatant saved. The precipi tate was th en washed with 1 ml of 3% 
PCA without heating, respun and the supernatants were combined and 
0.5 ml a liquots taken and counted in Insta-(:;el. 
DNAse Studies 
To confirm that the counts present in discs represented tritiated 
thymidine incorporated in to DNA, studies using the enzyme DNAse 
were performed. Two groups of an imals were studied. One group of 
animals was normal and untreated. The other group was irradiated 
with UVC 48 hr before sacrifice in order to stimulate DNA synthesis 
[2). Following injection with 25j.LCi of tri tiated thymidine, 4 discs were 
applied to the dorsal skin of each an imal. The discs were processed as 
previously described through the wash in distilled water. Two discs 
from each animal were then placed in a solution of DNAse (Sigma) at 
a concentration of 1 mg/ ml in phosphate buffered saline a t pH 7.2. The 
other 2 discs were placed in buffer alone. All discs were incubated for 
1 hr at 37°C. They were then washed in distilled water followed by 95% 
ethanol. Five ml of Insta-Gel was added to each vial and the specimens 
counted on the liquid scin t illation coun ter. 
RESULTS 
Histology 
The microscopic examination of the tissue showed complete 
removal of the epidermis and superficial adnexal structures 
from the dermis wi th minimal damage to the integrity of the 
basal layer (Fig 2). This epidermal specimen was salvaged after 
it was counted in the scintillation fluid , so it was subjected to 
all the damage this new technique produced. 
Purification Studies 
The efficacy of serial rinses is graphically depicted in Fig 3. 
Separation of the epidermis from the vascular underlying tissue 
removes over 60% of the radioactivity in the region. Sequential 
rinsings reduced the epidermal radioactivity to less than 50% of 
the initial value. The third 0.25% acetic acid rinse lowered it 
less than 1% and was not used in the routine studies. 
DNA Synthesis 
The ability of the new technique to evaluate decreases and 
increases in epidermal DNA synthesis as determined by incor-
poration of tritiated thymidine is summarized in Table I. Inhi-
bition of DNA synthesis produced by bleomycin 2 mg/ day 
intraperitoneally for 5 days, and Lidex cream applied topically 
12 hr before sacrifice, was contrasted to the increased DNA 
synthesis in essential fatty acid deficient mice. Samples from 
each animal were evaluated by the new disc technique and the 
Nov. 1980 
hydroxylapatite column method. There was good correlation 
between the 2 procedures with th e dpm/ disc r a nging approxi-
mately 60-80 times more than each dpm/ .ug DNA from th e 
c olumn assay. 
Dialysis 
The dialysis experiments with epidermal homoge nates (Table 
II) showed that approximately 50% of the total radioactivity 
2,000 
Dermis Heat KBr HOAcxl x2 xJ 
Sample 
FIG 3. Dermal and epidermal samples were processed for scin tilla-
tion coun ting as described in the procedure section. The amount of 
nondiffusib le tritiated thymidine is represented in the graph as dpm/ 
disc. Serial washings removed progressively more nonincorporated 
labeled substrate unt il the second acetic acid rinse. Additional incuba-
tions did not s ignificantly reduce the coun ts of the epidermal samples. 
(Heat= 60°C x 10 min, KB4 = 2 M potassium bromide, HOA c = 0.25% 
acetic acid) . 
TABLE I. Comparison of disc and column methods 
dpm"/ Column Ratio of Experiment dpm/11g dpm disc/ disc DNA column 
Control hairless mice 2884 38 74 
2416 35 68 
2569 36 72 
Bleomycin 2 mg/ day intraperitone- 1530 19 80 
ally X5 days 1692 20 84 
1702 28 60 
Lidex cream topically X1 app lica- 1333 16 83 
tion 1028 14 73 
1604 21 76 
Essential fatty acid deficient mice 5122 67 76 
5909 81 73 
3102 51 61 
" dpm, disintegrations per minute 
TABLE II. Dialysis of homogenized, tritiated thymidine labeled 
epidermis 
% 
Sample dpm"/ml Original 
Sample 
Nondialyzed homogenate 3,012 100 
After 1 change of dialysate 1,888 63 
After 3 changes of dialysate 1,645 55 
Epidermal samples from mice injected with 25 1-1Ci of tritiated thy-
midine (6 1-1g t hymidine) were homogenized in a t issue blender and 
dialyzed against lysing solution. Aliquots of the homogenized epidermal 
suspensions were sampled at the start and at various times after 
dialysis, for liquid scintillation counting. 
a dpm, disintegrations per minute. 
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was diffusible and escaped into the dialysate within the first 
ch ange. It is reasonable to conclude that this dialyzable com-
pone n t is a small molecule a nd that it corresponds to t he 
unincorporated radioactive thymidine or its phosphorylated 
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FIG 4. Correlation of the perchloric acid technique with the disc 
technique by comparing disintegrations per minute (dpm) / 100 in 2 sq 
em of epidermis. Correlation coefficient , r = 0.987: 
TABLE III. Comparison of recovery of radioactivity per 2 sq em. 
normal epidermis using the disc and perchloric acid techniques 
dpm"/2 sq em 
Animal PCA/ Disc; PCA Disc % 
Method Method 
1 1440 1637 88 
2 1024 1011 101.3 
3 308 413 74.6 
4 1606 1717 93.5 
5 1050 1182 88.8 
6 1231 1444 85.2 
" dpm, disintegrations per minute; PCA, perchloric acid. 
TABLE IV. R eduction of disc radioactivity by incubation in DNAse 






































6.6 ± 3.7% 
" dpm, disintegrations per minute; CvntroJ incubated in phosphate 
buffered saline wi thout DNAse; UVC stimulated animals irradia ted 48 
hr prior to sacrifice. 
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summarized in Table II. These were in close agreement with 
the radioactivity of the discs following serial washes shown in 
Fig 3. 
PCAMethod 
Comparison of the disc method with PCA precipitation and 
hydrolysis of DNA (Table Ill) showed good correlation between 
counts recovered from a standard area of epidermis using the 
two methods. Counts obtained using PCA precipitation were 
88.1 ± 8.1% of the counts obtained using the disc method. Even 
though the PCA method involves several washing steps each 
with the possibility of losing small amounts of incorporated 
thymidine, this is still an excellent correlation. Fwthermore, 
there was a close linear relationship (r = 0.987) between the 
results of the 2 methods (Fig 4) . 
DNAse 
Studies with DNAse showed that treatment of discs with this 
enzyme removed over 90% of the radioactivity (Table IV). This 
occurred both in normal skin and skin previously stimulated 
with UVC. This confirmed that the radioactivity present rep-
resented tritiated thymidine incorporated into DNA rather 
than thymidine uptake without incorporation. 
The incorporation of tritiated thymidine whether measured 
by the disc, hydroxylapatite or perchloric acid technique varied 
somewhat in the control groups of each experiment. This vari-
ation may relate to differences in age or litter, and made it 
essential that each experiment had its own matched control 
group. 
DISCUSSION 
This new technique shows a good correlation with the hy-
droxylapatite column technique used to isolate DNA. It re-
quires no special equipment other than a scintillation counter 
for the last step, and consequently, can be done quickly and 
inexpensively with little or no experience. Once the disc is 
trimmed, it is placed in a glass scintillation vial and all subse-
quent rinses are .performed in this vial. Glass vials were used 
because they transmitted heat to the potassium bromide solu-
tion more efficiently, permitted good visualization of the spec-
imen, and were built with an opening that was a few millimeters 
smaller than the body of the vial. This last feature permitted 
agitation and washing of the disc without having it fall out 
while decanting the rinses. Plastic scintillation vials would lose 
many of these advantages. 
Although it is possible to carefully dissect the epidermis from 
the underlying tissue after heating, this is tedious and often 
results in the full thickness loss of epidermal fragments as well 
as partial thickness losses especially around the adnexal struc-
tures. The hypertonic 2 M potassium bromide solution elutes 
some of the nonincorporated radioisotope and gently separates 
the epidermis from the underlying tissue. This occurs because 
the epidermis is frrrnly glued to the plastic disc which remains 
unaltered by the hypertonicity. The subepidermal tissue how-
ever becomes relatively dehydrated, contracts to a compact 
ball, and detaches at the epidermal-dermal junction. 
The histology of the epidermis shows that minimal damage 
occurs with the heating, hypertonic separation, and serial rins-
ing. This new technique utilizes the fact that the epidermis is 
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avascular and must rely on simple diffusion of substrates, like 
tritiated thymidine, to move from the dermal capillaries to the 
basal cell membrane. This diffusion should equilibrate in both 
directions, and hence, the nonincorporated thymidine should 
be able to diffuse out. Once inside the cell, the thymidine is 
phosphorylated to the triphosphate before being incorporated 
into DNA. Since the phosphorylated, unincorporated thymi-
dine would have difficulty diffusing across the cell membrane, 
a physiologically gentle organic acid was used to minimize the 
ionized state of the phosphorylated substrate and encourage its 
equilibration. The DNAse studies confirm that the washing 
procedure employed is sufficient to remove unincorporated 
thymidine, since over 92% of the counts in the washed discs are 
shown to be present in DNA. Furthermore, the counts obtained 
from a known area of epidermis using the disc method showed 
a close correlation with results obtained using a standard PCA 
method for.DNA extraction. 
The plastic disc is a simple way of isolating a fixed area of 
epidermis. As well as acting as a template, it allows a reproduc-
ible amount of stretch to be applied to the skin when firm 
pressure is applied to the center of the disc during its applica-
tion. This permits the use of another unique feature of skin. 
The epidermis is stratified and matures from the basal layer to 
the stratum corneum, with DNA synthesis occurring primarily 
in the lowermost layer. If an analogy is made between the disc 
technique and autoradiography of the skin where the number 
of incorporating cells per set number of basal cells is recorded 
it becomes apparent why the new disc technique works. It i~ 
basically a two-dimensional extension of the one dimensional 
autoradiography. Instead of tediously counting high den~ities 
of exposures over nuclei, the disc technique elutes out the non-
incorporated radioactivity and lets the. scintillation counter 
count a constant area (disc size) as a reference plane. It becomes 
apparent that the DNA extraction technique used for solid 
tissues like liver, muscle, fat, etc., where proliferating cells are 
distributed uniformly, is not necessary for the skin, and may 
actually be misleading. This new technique utilizes the unique 
avascular, stratified architecture of the skin to maximal advan-
tage and provides a rapid, simple and inexpensive method of 
evaluating DNA synthesis in the epidermis. 
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